The purpose of the investigation was to study the effects of variety properties of oat cultivars and environmental conditions on physical traits and chemical composition of grain and flour. Nine oat cultivars had been grown in the experimental plots (stations) located in two experimental stations in Jelenia Góra and Bobrowniki. The samples were collected in two harvest years. As it has been found, the genetic factors affected physical traits of the grain. The chemical composition of oat grain depended to a large extent on the weather conditions during the growing season. The genetic factors affected only total protein content of the oat grain. The grain of the oat cultivars under investigation was high in total protein but low in starch. Its proteolytic and amylolytic activities were on average levels. Total protein and pentosan content as well as proteolytic activity of the oat flour were lower than those of grain, but starch content and the falling number were higher.
INTRODUCTION
In Poland, oats production is high (5.6% of world production). The sowing area in 2007 reached 584 300 hectares, with the crops amounting to 1 462 000 tones. But their use in food industries is limited to oat flakes production. On a global scale, about 20% of oats harvested is destined for food products manufacturing and there is a wide range of oat food products available on the market (GUS 2009) . A growing interest in oat food products manufacturing is the consequence of the results reported by researchers, which show that this cereal exhibits exceptional physiological and nutritional properties, unique flavour. Moreover, it can be a valuable dietetic and healthy ingredient in many food products, due to specific properties of its soluble fiber and protein fractions (Lapveteläinen et al. 2001, Ötles and Cagindi 2006) .
The use of oat grain depends on its agronomic properties, physical traits and chemical composition (Peterson et al. 2005) . Oat grain destined for the food industry must reach specified standards, which means that only the grain that is healthy, uniform in size, well-filled, with no discoloration, two-spikelet kernels, high in protein and soluble fiber (b-glucan), but low in fat is acceptable (Gleñ 2004) . High nutrition value of the oat protein is widely recognized with lysine contents higher than in case of other grains (Ma 1983) . Numerous researches were dedicated to the properties and significance of the fibre in oat grain (Peltonen-Sainio and Topi-Hulmi 2004) . Due to technological purposes, other ingredients of the grain are also significant. Michniewicz (1995) indicates important role played by pentosans in grain technology. Those are compounds that significantly influence rheological properties and water absorption. Such features may be of great significance while using oat flour for bakery purposes. The possibility to use the grain and its products in order to obtain various kinds of food products is also determined by the activity levels of enzymes such as amylase and proteases Sobczyk 2007, Konopka et al. 2004) . Doehlert and Mc Mullen (2000) reported that physical traits of oat grain were, to a large extent, dependent on environmental factors and genotype as well as interactions between them. Later reports (Peterson et al. 2005 , Walens 2003 showed that depending on environmental factors and cultivars used, the grain exhibited varied chemical composition and milling properties.
Relatively little information can be found on the impact of the environment and the genotype on technological properties of oat grain and flour. For this reason, the authors of the present investigation have made an attempt to determine the relation between significant differences in physical traits of oat grain and the content of some chemical constituents present in oat grain and flour in relation to the cultivars and environmental factors. 
MATERIALS AND METHODS

Materials
The material consisted of grain of 9 oat cultivars (Bajka, Dragon, German, Góral, Jawor, Kwant, Komes, Skrzat, S³awko). The oat grain was obtained from two experimental stations (located in Jelenia Góra and Bobrowniki), harvested in 1997 and 1998 (Table 1 ). The field samples were implemented on soils of a mountain cereal complex (Jelenia Góra) and a fine rye complex (Bobrowniki). In Jelenia Góra, oat was grown after buckwheat (1997) and winter wheat (1998), whereas in Bobrowniki it was grown after potatoes, fertilized with typical fertilizer rates. The sowing period took started at the end of March or at the beginning of April, with the harvest taking place at the end of July and the beginning of August. The agrotechnical treatments were in compliance with those recommended for oat plants (Su³ek et al. 2001) .
In 1997 shortly after sowing, the temperatures in April both in Jelenia Góra and Bobrowniki were below average (Fig.1) . In July 1997, Jelenia Góra suffered from severe rainfalls which caused considerable plants lodging. Nevertheless, the precipitation level in Bobrowniki in 1997 was appropriate considering oat plant growth. In 1998, the temperature range in the two locations was close to average for this part of Poland, and the distribution of rainfalls was favourable for oat plant growth.
Methods
The hectoliter weight was determined according to PN-ISO 7971-2:1998 . The 1000-grain weight was obtained by counting and weighing four sam- ples of 100 kernels randomly chosen after removal of broken grains. Share of grain of different thickness was qualified using mechanical sorter (sieves with openings 25 mm × 2.8, 2.5 and 2.2 mm). Content of hull was estimated after hand dehulling of 10 g grain sample and qualification of proportional part of hull in relation to mass of the whole hulled grain. The yield of oat flour and bran was determined using a Quadrumat Junior laboratory mill (Brabender). Milling was performed after husking in an OL-1 laboratory husker (PZZ -ZRM Co. Szczytna) and tempering (to 11% moisture content) for 24 hours. The flour was screened through and the bran was running out of the sieve (mesh size of 295 mm).
Prior to chemical analysis, groat oat had been ground in a laboratory hammer mills type W-¯1 (Sadkiewicz Instruments ZBPP Bydgoszcz). The determinations included the chemical composition of both the grain and the flour. Total protein content was determined using Kjeldahl method (N × 6.25). Starch content was determined using amyloglucosidase as described by Lue et al. (1991) . Soluble and total pentosans were determined, using anilin method, as described by Subda (1984 b) . This method allows an acid hydrolysis of pentosans present in the sample and colorimetric determination of xylose using aniline acetate. The results were compared with the xylose standard curve. The quantity of insoluble pentosans was estimated basing on the difference between the content of total and soluble pentosans. The activity of proteolytic enzymes was measured using the modified method of Ayre-Anderson . The quantity of tyrosin mmols obtained from 1g of flour during 1 min was considered a unit of activity. The falling number was also determined (PN-ISO 3093:1996) . All analysis was carried out directly after the harvest.
Statistical Analysis
The data obtained in the study was analyzed using a three-factor analysis of variance (cultivar, location and year). The basis for the multifactoral variation analysis was fragmentation of the total variation into ingredients corresponding to the variability caused by the subsequent factors and interactions between them and residue variability. The essence of the analysis was the comparison of variations obtained using F-Snedecor test on the assumption that the variables are of Gaussian distribution or close to normal distribution. In own, original research in order to prove the hypothesis the role of error was attributed to interactions between the three factors. The significance of differences between means was compared by Duncan's multiple range tests (P³ 0.95). The statistical calculations were made using the ANOVA package from Statgraphics 5.0 software. Table 2 Variation components for qualitative traits of oat grain and flour -percentage in total variation The analysis of variance showed that the hectoliter weight depended exclusively on the environmental factors (location of the experiments and harvest year), and the greatest contribution to total variation was found with a location-year interaction (Table 2 ). This interaction also influenced the hull content to a large extent. Besides, the hectoliter weight also depended on the oat cultivar. 1000-kernel weight was both cultivar-and environment-dependent, but contribution of the genetic factor was greater (69.18%) than that of the environmental impact (13.80% -location and 10.86% -year). The percentage of oat grain, the thickness of which was >2.8 mm as well as flour and bran yields were mainly cultivar-dependent. It was found that the quantity of oat kernels <2.2 mm predominantly correlated with the weather conditions prevailing throughout the growing season (year variance). The cultivar-location interaction had an impact on the percentage of oat kernels within the thickness range of 2.2-2.5 mm and on protein content of oat grain. Besides, the location-year interactions affected the physical traits (hectoliter weight, 1000-kernel weight and hull content) and total protein content of oat grain and flour, starch and soluble pentosans of flour as well as insoluble and total pentosans of grain.
The content of the constituents present in the oat grain and flour was primarily dependent on changeability of the conditions prevailing in a given location and harvest year. Only total protein content of the grain was cultivar-and environmental-dependent, but the participation of the year variability (47.65% -grain, 57.19% -flour) in the total variabilty was significanlty higher than that of the location (2.67%) and cultivar (2.09%) variables. Starch content of oat grain was mainly affected by the location of the plot (77.33%), while starch content of oat flour revealed the greatest differences, depending on the harvest year (77.61%). The highest contribution to the total variance observed within the other chemical characteristics of both oat grain and flour was found within the years' variable.
The results obtained in the present study are in accordance with those obtained in earlier studies on the quality of oat grain, which also showed that the quality of oat grain depended on the genetic factors and environmental conditions throughout the growing season (Peterson et al. 2005 , Doehlert and McMullen 2000 , Rhymer et al. 2005 .
As reported in original research, the lack of significant influence of interaction between both the cultivars and the location and the cultivars and the crop year (Table 2 ) on most of the oat grain and flour features examined indicates their considerable stability in the aspect of habitat and years assessed. Nevertheless, the results obtained by Doehlert et al. (2001) and Peterson et al. (2005) indicate significant influence of interactions genotype x environment (location and year) on features such as: grain yield, ker-nel and groat weight, groat percentage, ash, starch, protein, lipid, b-glucan, tocopherol, tocotrienol and avenanthramide content.
A major factor determining the quality of cereals and their suitability for agricultural applications and processing is the hectoliter weight (Forsberg and Reeves 1992) , which in the oat grain under investigation was found within the range of 50.6 kg·× hl -1 (Skrzat cultivar) to 54.1 kg × hl -1 (Bajka cultivar), but the differences were insignificant (Table 3) . Oat with such parameters is suitable for processing by all means. The qualitative tests of the oat grain from consecutive harvest years and different locations showed that average hectoliter weight of the grain harvested in 1998 was higher than that of the grain harvested in 1997. Nevertheless, the oat harvested in Bobrowniki exhibited higher parameters than that from Jelenia Góra. Similar conclusions were reported by G¹siorowski et al. (1997 a) , while Lapveteläinen et al. (2001) reported higher hectoliter weight of oat grain. Oat grain destined for processing should exhibit a high 1000-kernel weight. In Germany, it is within the range of 24.9 to 34.0 g (Hampshire et al. 1998) . The range reported by Lapveteläinen et al. (2001) was smaller, i.e. within 30.7-37.5 g. The oat cultivars tested by Czubaszek (2003) and those under investigation in the present study exhibited higher 1000-kernel weight. The greatest differences were found between the cultivars of S³awko (44.6 g) and Góral, Skrzat and Jawor (36.0, 36.5 and 36.9 g, respectively) ( Table 3) . High values were also noted in case the Bajka cultivars (42.3 g), German (40.4 g) and Dragon (39.1 g). Moreover, it was found that due to the weather conditions prevailing in Jelenia Góra, the oat grain harvested there were better developed as compared to those harvested in Bobrowniki, with similar relationship found between the samples collected in 1997 in comparison with 1998.
The technological value of oat grain is considered appropriate when its size and shape is well-developed and when it looks healthy. It should not contain more than 10% of grain below 2.2 mm in thickness (Hampshire et al. 1998 , Gleñ 2004 . All the cultivars under investigation met this requirement. The percentages of grain exhibiting the thickness below 2.2 mm ranged from 1.1% (S³awko) to 7.4% (Komes) ( Table 3 ). The cultivar of S³awko was the best in appearance and it had the highest percentage (43.2%) of grain, sized >2.8 mm in thickness. Also the cultivars of Dragon, Bajka, Skrzat, Kwant, German and Jawor contained considerable number of fractions within the thickness range between 2.5-2.8 mm. Oat grain of Komes cultivar was the smallest in size. On average, the oat grain from Jelenia Góra was larger in size than that from Bobrowniki, and that harvested in 1997 looked better than the one harvested in 1998.
The hull of the kernel reduces digestibility of oat and also its nutritive and technological values. Oat grain with high hull content is not suitable for processing. For this reason, attempts in breeding have been made to reduce the hull content to the minimum. According to Hampshire et al. (1998) , the hull content of oat destined for processing should not exceed 26%. The results obtained in the present study show that all the oat cultivars under investigation met the requirements. The lowest hull content (20.9%) was found in the cultivar of S³awko and the next was Kwant (22.0%) ( Table 3) . A higher percentage (25.8%) was found in the cultivars of Komes and Góral. Present work indicates that the hull content depends on the cultivar and does not depend on growing conditions, because non-significant differences in hull content were found in the samples collected from the two locations in the two years of present investigation. shows that milling properties varied depending on the oat cultivar. High flour yield was found in the cultivars of S³awko (60.0%), Bajka (59.4%), Góral (58.4%), Jawor (57.7%) and Kwant (56.6%). The highest yield of oat bran was observed with the cultivars of Skrzat (53.1%) and Komes (51.6%). No differences in the mean flour and bran yields were observed between the samples collected in Jelenia Góra and Bobrowniki and in the harvest years 1997 and 1998 (Fig. 3) . Doehlert and McMullen (2000) used the Quadrumat Junior mill for oat milling and a sieve with a mesh of 0.25 mm. In this way, they obtained higher yield of oat flour and lower yield of bran as compared to the results obtained in the present study. The above-mentioned authors reported impact of genetic and environmental factor on yield of flour and bran. They also indicated negative correlation between oat bran yield vs. hectoliter weight and groat oat weight. On the other hand, they reported a positive correlation with grain hardness.
According to G¹siorowski et al. (1997 b) , in Poland where the climate is moderate, no significant impact of weather conditions on protein content of oat grain can be expected. However, the results reported by Walens (2003) 54 show that oat grain harvested in the years with higher precipitation levels was lower in protein than that harvested in dry years. Table 4 . shows that the samples collected in Bobrowniki, where precipitation level was lower than in Jelenia Góra, were higher in total protein. Moreover, it was found that both grain and flour of the samples collected in 1997 were higher in protein, as compared to the samples collected in 1998. The highest protein content (15.5%) was found in the cultivar of Dragon, and next were the cultivars of German, Komes, Jawor, Skrzat and Góral. The cultivars of S³awko and Bajka exhibited the lowest protein content (13.6% and 13.8%, respectively). Oat flour, similarly as in the studies carried out by Doehlert and McMullen (2000) , contained less protein than oat grain, but the flour obtained from various cultivars did not show any significant differences in protein content, which ranged from 10.0% to 11.2%. Proteolytic enzymes cause degradation of reserve proteins present in cereals, which reduces the technological value of grain, therefore it is important to determine their proteolytic activity Sobczyk 2007, Piasecka-Kwiatkowska et al. 2007) . The data in literature (Czubaszek 2003 show that proteolytic activity of oat grain ranges from 2.64 to 5.48 units. The average proteolytic activity of wheat flour usage for the bread bakery purposes is located at the level of 1.38-3.20 unit (¯mijewski et al. 1999 (¯mijewski et al. , Subda et al. 2002 . Comparing proteolytic activity of oat with the results obtained for the wheat it can be concluded that proteolytic activity level of oat grain is higher than the wheat flour, and as such it can become significant factor while using oat flour in bakery. According to Dojczew et al. (2004) the highest level of proteolytic activity is the cause of changes in solubility of prolamines and glutelins fractions and negatively influences the rheological properties of the dough and the bread quality. As can be seen in Table 4 , the material under investigation exhibited average proteolytic activity, ranging from 3.39 to 4.37 units. No differences cultivar-related were observed. Also, neither the location of the trials nor the years of harvest affected the proteolytic activity, however, it was 1-26% lower in oat flour than in oat grain. The differences were also noticed between the flour samples obtained from oat harvested in 1997 and 1998 (3.71 and 2.98, respectively).
Anna Czubaszek
The activity of amylolytic enzymes present in wheat and rye is determined with regard to the falling number. Kaarlehto and Salovaara (2000) and Doehlert and McMullen (2003) report that Hagberg-Perten's method can also be used with oat products, but the values obtained with oat are higher than those obtained with wheat. The cause of higher falling number in oat products than in case of wheat flour might be higher temperature of gelatinization in oat products in comparison with wheat ones (Wang and White 1994, Doehlert et. al.1997) . It has been also established that amylases activity level in oat is lower than in wheat (Meredith and Jenkins 1973) , and the oat starch in comparison with the wheat one is less prone to the activity of this enzyme (Tester and Karkalas 1996) . The falling number of oat is usually found within the range of 300-600s (Kaarlehto and Salovaara 2000) . When Polish oat cultivars were studied (Czubaszek 2003 (Czubaszek , 2006 , the results were found within the same range. Similar results have been reached in presented studies (Table 4) . Oat cultivars did not affect the falling number of grain or flour, which ranged from 328 s (Jawor cultivar) to 394 s (Góral cultivar), while that of flour ranged from 377 s (Bajka cultivar) to 425 s (S³awko cultivar). On average, the falling number of grain samples collected in Jelenia Góra was lower than that of the samples collected in Bobrowniki, but the flour made of oat grain grown in the two locations did not show any differences in the falling number. Both the oat grain and the flour samples collected in 1998 exhibited higher falling number than those collected in 1997. It was probably caused by heavy rainfalls in Jelenia Góra in 1997. Moreover, significant (P³0.95 and n=36) relation between the falling number and both soluble and insoluble pentosans contents was reported. The correlations of linear, regular coefficient reached respectively 0.32 and 0.54 (data not included).
Starch is the predominant carbohydrate in cereals. The content of this polysaccharide in oat grain ranges from 39.3 to 67.5% (Lapveteläinen et al. 2001 , Doehlert and McMullen 2000 , Rhymer et al. 2005 , Czubaszek 2003 a,b, Wilhelmson et al. 2001 , Colleoni-Sirghie et al. 2004 . After milling, the content of this ingredient in oat flour is higher (56.4 -73.9%) than in oat grain McMullen 2000, Wood et al. 2002) . In this study starch content in the oat cultivars ranged from 46.4% (German) to 51.7% (S³awko), but the differences were insignificant (Table 5 ). The starch content of the samples collected in Jelenia Góra was 6% higher than that of the samples collected in Bobrowniki. Oat flour contained more starch than oat grain and no impact of the genetic factor was observed. However, the impact of the environmental factor (location and harvest year) was obvious. Higher starch content was found in the samples collected in Bobrowniki and those collected in 1997.
Pentosans present in Polish cultivars of oats are found within the range of 3.74 to 4.38% (Czubaszek 2003 . Lower quantities (1.8-2.8%) have been found in American and Finnish cultivars (Wilhelmson et al. 2001 , Colleoni-Sirghie et al. 2004 . Such differences between the oat cultivated in Poland and the American or Finnish cultivars may constitute the result of diverse traits of the oat grain cultivated in these countries. Nevertheless, it may also be caused by the fact of applying various methods of determining pentosans by the abovementioned authors. Total pentosans content of the material taken for our studies ranged from 3.56 to 4.13% (Table 5 ). The content of insoluble pentosans was high, but soluble ones constituted only 7% of total pentosans. No differences in the content of these compounds were observed between the cultivars, but the effects of environmental factors were obvious. The samples from different locations and harvest years varied in the content of pentosans. The content of soluble pentosans was exclusively harvest year-related. Michniewicz et al. (1998) found that oat flour was about 60% lower in pentosans than oat grain. Similar results were obtained in our investigations (Table 5 ). The percentages of soluble and insoluble fractions found in total pentosans of oat flour were similar to those found in oat grain. Oat grain, obtained from different cultivars, contained 1.20 -1.38% of total pentosans, 1.09 -1.29% of insoluble pentosans and 0.10 -0.15% of soluble pentosans. The content of soluble pentosans varied, depending on the location in which the samples were taken and the harvest year. The flour produced from oat grain harvested in Bobrowniki and in the year 1997 was higher in soluble pentosans. Insoluble and total pentosans content of the flour produced from oat grain harvested in 1997 was higher than that from grain harvested in 1998. 
CONCLUSIONS
It has been confirmed that physical traits of oat grain as well as flour and bran yields were primarily genotype-related. The environmental factors affected the hectoliter weight, 1000-kernel weight and percentages of grain exhibiting significant differences in thickness. The location-harvest year interactions had an impact on the hectoliter weight, 1000-kernel weight, hull content and percentages of oat grain of 2.2-2.5 mm in thickness. Suitability of oat grain for processing was determined with regard to the hectoliter weight, 1000-kernel weight, percentages of grain <2.2 mm in thickness and hull content and it was reported that the oat tested met these requirements.
The chemical composition of oat grain was dependent on environmental factors. Only the total protein content varied, depending on cultivars and their interactions with the location of production. The interactions between location and harvest year influenced the content of total protein, insoluble and total pentosans. All the oat cultivars were high in total protein, but low in starch. The activity of proteolytic and amylolytic enzymes was on average levels. Total pentosans were high in insoluble, but low in soluble pentosans.
Apart from the participation of grain 2.2 -2.5 mm thick and total protein content, the physical and chemical traits of oat grain was not influenced by the variability of interactions cultivar -location and cultivar -year. It indicates considerable stability of the traits of the tested cultivars in various environmental conditions.
The yield of flour and bran of oat cultivars varied significantly. High level of yield of flour was reported in case of the Bajka, Góral, Jawor, Kwant i S³awko cultivars. Skrzat and Komes cultivars reported higher yield of bran than flour. All the flour from the examined oat cultivars was of similar chemical composition. Only in case of the starch and soluble pentosans contents the flour made of grain from Jelenia Góra and Bobrowniki exhibited differences, with bigger amount of such ingredients from Bobrowniki sample. The weather conditions during the plants growth in 1997 and 1998 diversified the contents of chemical compounds examined in oat flour.
